Frequent consumption of fruits and vegetables has been associated with low risk of chronic diseases. Guava (Psidium guajava Linn.) is a tropical, seasonal fruit rich in antioxidants, vitamin C and polyphenol compounds. Drying is one of the common methods to preserve and extend the shelf life of guava. The objective of this study was to determine the effect of drying techniques on the antioxidant activity of guava fruit. Guava was air dried in air dryer (45˚C), freeze dryer and by osmatic drying techniques. Fresh guava extracts (FGE), freeze dried guava extracts (FDGE), oven dried guava extracts (ODGE) and osmotic-dehydrated guava extracts (OSGE) guava extracts were prepared and analyzed for total polyphenols (TP), flavonoids, antioxidant potential by 2,2-diphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant power (FRAP), oxygen radical absorbance capacity (ORAC), trolox equivalent antioxidant capacity (TEAC), total antioxidant capacity (TAC) and nitric oxide radical scavenging activity (NORS). Inhibitory potential of guava extracts on enzymes α-glucosidase, α-amylase and lipase was also determined. TP in FG, FD, OD, and OS were 415.69 ± 56.95, 295.30 ± 4.11, 303.57 ± 1.41, and 182.93 ± 6.48 mg gallic acid equivalent (GAE)/100g, respectively. Flavonoids in Fresh, FD, OD, and OS were 202.01 ± 0.16, 96.93 ± 1.73, 105.07 ± 0.58, and 76.13 ± 2.74 mg catechin equivalent (CE)/100 g, respectively. FD extracts were the most effective in scavenging DPPH radical. Whereas FRAP, TEAC and TAC activities were found to be higher in FG followed by OD and FD. However, NORS activity of FD was significantly (p ≤ 0.05) lower compared to other treatments. Inhibition of α-glycosidase, α-amylase and lipase enzymes was (19% -90%) observed at 0.4, 0.8, and 0.8 mg/ml, respectively. In conclusion, considering this in-vitro study, drying could be effectively utilized to preserve guava fruit with minimum effect on health benefits.
Introduction
Oxidative stress plays a significant role in the progression of chronic diseases, which is a result of an imbalance between oxidants and antioxidants production [1] . Overproduction of reactive oxygen species (ROS) and reactive nitrogen species (RNS) can severely cause tissue damage. On another side, these free radicals are also important in various physiological and pathophysiological response, including cell signaling, gene expression, and apoptosis [2] [3] . During various metabolic processes, NADPH oxidase, xanthine oxidase, and nitric oxide synthases are produced as a by-product of ROS and RNS. However, endogenous antioxidants counteract oxidative stress by generating antioxidants enzymes such as superoxide ions, catalase, and glutathione peroxidase [2] [4] [5] . Consumption of fruits and vegetables rich in phytochemicals and antioxidant helps to fight health related diseases in the long term.
Studies [6] [7] have also shown that phytochemicals can act as therapeutic agents in reducing or preventing chronic diseases, including diabetes, cancer, obesity and hypertension. Phytochemicals are secondary metabolites of plant and play an imperative role in both human and animal health [8] . Studies [9] - [11] have shown that polyphenol content that is present in plants helps to reduce oxidative stress by scavenging reactive oxygen species and thus prevent cell damage. Antioxidant capacity of each fruit is different depending upon their phenolic content and vitamins [12] .
Guava (Psidium guajava Linn.) is a seasonal tropical fruit and highly perishable. Studies [13] have shown that guava tree and its components had potential therapeutic effects and have been used as folk medicine in many parts of world. Guava is a rich source of ascorbic acid. Vitamin C content of guava is almost six times greater than one orange thus considered as highly nutritious fruit [14] . Drying is one of the techniques that can increase the shelf life of guava. Various drying methods have been used to preserve guava such as air oven method, osmotic dehydration and lyophilization [15] - [17] . Drying may affect quality or quantity of phytochemicals. The present study was conducted to determine the total phytochemical and total antioxidant activity of guava extracts and to determine the inhibitory effects of guava extracts on α-amylase, α-glucosidase and lipase activities.
Materials and Methods

Sample Preparation
Fresh mature guava fruits were obtained from a local food store, Huntsville, Alabama. The fruits were washed, diced (1 inch) or sliced (0.5 mm) and were subjected to selected drying treatments to reach a moisture level of ≤10%. Diced guavas were placed in the freeze dryer (VirTis Genesis 35 L SpScientific, Warminster, PA) for 48 hours. Sliced guavas were placed in an oven (Isotemp Oven, Fisher Marietta OH, model 6925) at 54˚C for 48 hours. For osmotic dehydration, sliced guavas were submerged in a brine solution for two hours and placed in an oven (Isotemp Oven, Fisher Marietta OH, model 6925) at 45˚C for 48 hours. Dried guavas were made into a fine powder using a Waring blender (Model no. 31BL92, New Hartford, Connecticut) before extraction.
Fresh guava extracts (FGE), freeze-dried guava extracts (FDGE), oven dried guava extracts (ODGE) and osmotic dehydrated guava extracts (ODGE) were prepared following the method developed by Nunes et al., (2016) [18] with slight modifications. A known quantity of guava powder was soaked in 80% methanol for 24 hours with continuous shaking. The extracts were centrifuged at 10,000 g for 15 min. Supernatants were filtered using a Whatman filter paper and the filtrates were evaporated to dryness at 50˚C using a rotary evaporator (Buchi Rotavapor R-215). The concentrates were stored at −20˚C until further use.
Total Phenolic Content
Total polyphenols were determined following the Folin-Ciocalteu's method using gallic acid as standard [19] . Folin-Ciocalteu's reagent (12.5 µl) along with 7% sodium carbonate (125 µl) was added to the guava extracts. Samples were then incubated for 90 min at room temperature. The absorbance was measured at 750 nm using microplate reader (Synergy HT, Bio Tek Instruments, Winooski, VT, USA).
Total Flavonoid Content
Flavonoid content was determined according to Marinova et al., (2005) [20] using an aluminum chloride colorimetric assay using catechin as a standard. Samples, 7.5% sodium nitrite (7.5 µL) and 15 µL of 10% aluminum chloride were added to 1 M NaOH. Absorbance was measured at 520 nm after 5 min incubation. Total flavonoid content was expressed as mg of catechin equivalent (CE) per 100 g. 
Antioxidant Assays
Oxygen Radical Absorbance Capacity (ORAC)
ORAC was determined using trolox as the standard [23] . Freshly prepared 60 nm fluorescein sodium salt and 153 mM AAPH (2,2-azinobis (2-amidinopropane) dichloride) solution along with samples was incubated for 10 min at 37˚C. The absorbance of fluorescein was recorded for 60 min at excitation and emission wavelengths of 485 and 530 nm, respectively. The area under the curve (AUC) was calculated for each sample by integrating the relative fluorescence curve.
Trolox Equivalent Antioxidant Capacity (TEAC)
TEAC of extracts was determined using the protocol suggested by Miller et al. (1993) [24] . The ABTS 2, 2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (7 mM) radical cation solution was prepared by mixing concentrated ABTS radical and potassium persulfate in 1:1 ratio and the mixture was allowed to stand for 12-16 hours at dark room temperature. The ABTS cation working solution was prepared fresh by diluting with ethanol to an absorbance of (0.7 ± 0.025) at 734 nm. Diluted ABTS radical was added to samples and standards. Absorbance was read at 734 nm for 6 min at 1 min intervals. The total antioxidant capacity of samples was expressed as trolox equivalents.
Total Antioxidant Capacity by Phosphomolybdenum Method (TAC)
Total Anti-oxidative capacity was determined by phosphomolybdenum method using ascorbic acid as standard [25] . Guava extracts and 3 ml of reagent (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate) were mixed and incubated for 90 min at 5˚C. After the mixture was cooled, absorbance was read at 695 nm.
Nitric Oxide Radical Scavenging Activity (NORS)
The nitric oxide radical scavenging activity was determined using Griess Illosvoy reagent [26] . Sodium Nitroprusside (10 mM) and 1 mL of extracts or ascorbic acid standard were added in phosphate buffer (pH 7.4) and were incubated at 25˚C for 150 min. Griess reagent (1% sulphanilamide, 2% phosphoric acid and 0.1% naphthyl ethylene diamine dihydrochloride) was added to the reaction mixture (1:1). The ability of antioxidants to inhibit nitric oxide formation was determined based on the color change at 546 nm. [27] . α-amylase and guava extracts were incubated for 10 min at 25˚C. Soluble starch (1%) and dinitrosalicylic acid was added to the samples. Samples were incubated for 10 min at 100˚C and final absorbance was read at 540 nm. α-amylase inhibition activity was calculated as follows: 
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Lipase Activity
Inhibition of pancreatic lipase by guava extracts was determined using p-nitrophenyl butyrate (p-NPB) as a substrate [28] . Guava extracts, lipase and potassium phosphate buffer (pH 7.2) with 0.1% tween 80 was added to the samples and then incubated for 1 hour at 30˚C. After incubation, 25 mM of pNB (2,4 p-nitro phenyl butanoic acid) was added and incubated again for 5 min at 30˚C and absorbance was read at 405 nm. The inhibitory activity of lipase was calculated as follows: 
Results
Total Phenolic and Flavonoid Content
The polyphenols and flavonoid content in fresh guava extracts (FGE), freeze dried guava extracts (FDGE), oven dried guava extracts (ODGE) and osmotic dehydrated guava extracts (OSGE) were measured, and the results are shown in Table 1 . Total polyphenols and flavonoids were significantly (p ≤ 0.05) affected by the different drying treatments. Phenolic content was significantly (p ≤ 0.05) higher in FGE followed by ODGE, FDGE and OSGE. Similarly, FGE had significantly (p ≤ 0.05) higher flavonoid content compared to ODGE, FDGE, and OSGE. Overall, phenolic and flavonoid content of guava extracts were highly affected by the drying techniques.
Antioxidant Activity of Guava Extracts
DPPH radical scavenging activity of guava extracts varied from 31.65% to 92.57% (0 -1.2 mg), which represents the variation among different drying treatments of guava in radical scavenging (Figure 1) . DPPH radical scavenging activity increased with an increase in the concentrations of FGE, FDGE and ODGE. DPPH radical scavenging activity was higher in FGE followed by the FDGE, ODGE, and OSGE. IC 50 of FGE, FDGE, and ODGE was observed at 0.3, 0.5, and 0.5 mg, respectively. IC 50 was not observed by OSGE; with only a 30% inhibition was observed at the 0.4 mg concentration.
Ferric reducing antioxidant power (FRAP), oxygen radical antioxidant capacity (ORAC), trolox equivalence antioxidant capacity (TEAC), total antioxidant capacity (TAC) and nitric oxide radical scavenging ability (NORS) of FGE, FDGE, ODGE and OSGE is shown in Figure 2 . FRAP activity of FGE and ODGE were significantly (p ≤ 0.05) higher compared to FDGE and OSGE. However, no significant (p ≤ 0.05) differences were observed between FGE and ODGE. ORAC activity was seen significantly (p ≤ 0.05) higher in FGE compared to ODGE, FDGE and OSGE. There were significant (p ≤ 0.05) differences in ORAC among all the treatments. Trolox equivalence of FGE was significantly (p ≤ 0.05) higher compared to FDGE, ODGE and OSGE. However, there was no significant (p ≤ 0.05) difference seen between FDGE and ODGE. Drying treatments significantly (p ≤ 0.05) affected the TAC of guava extracts. TAC was significantly (p ≤ 0.05) higher in FGE compared to FDGE, ODGE and OSGE. However, no significant (p ≤ 0.05) differences were observed among FDGE, ODGE and OSGE. However, NORS of FDGE was significantly (p ≤ 0.05) lower compared to FGE, ODGE and OSGE. Overall, FRAP, ORAC, TEAC, and TAC activities of FGE and ODGE was significantly (p ≤ 0.05) higher compared to ODGE, FDGE and OSGE.
In-Vitro Enzymatic Assays
The percentage of α-glucosidase, α-amylase and lipase inhibitory activity of methanol guava extracts from three different drying treatments is shown in Figures 3-5 . Guava extracts showed α-glucosidase inhibition from 32% to 90%, α-amylase inhibition from 17% to 53%, and lipase inhibition from 14% -19%. Increase in concentrations increased the α-glucosidase, α-amylase, and lipase inhibition.
α-glucosidase inhibition was higher in FGE compared to FDGE, ODGE, and OSGE (Figure 3) . However, α-glucosidase inhibition by FGE, FDGE, ODGE and OSGE leveled off after inhibiting α-glucosidase by 90%, 84%, 84%, and 67%, respectively. For α-glucosidase, IC 50 of FDGE was observed at 5 µg, whereas ODGE and OSGE inhibited at 50 µg.
α-amylase inhibition was higher in FDGE and ODGE compared to FGE and OSGE (Figure 4) . At 0.8 mg FGE, FDGE, ODGE and OSGE leveled off after inhibiting α-amylase by 41%, 49%, 53% and 35%. IC 50 of FGE, FDGE and ODGE was observed at 0.8 mg, whereas, OSGE only inhibited α-amylase by 35% at 0.8 mg concentration.
In pancreatic lipase activity ODGE (17%) and OSGE (19%) showed highest inhibition at a concentration of 0.6 mg compared to FDGE (16%) and FGE (14%). However, lipase inhibition by FGE, FDGE, ODGE, and ODGE leveled off at the 1.5 mg concentration. FGE, FDGE, ODGE and OSGE did not reach IC 50 even at highest (2 mg) concentration (Figure 5 ).
Discussion
Diet plays a critical role in the maintenance of a healthy lifestyle. An increased consumption of fruits and vegetables is associated with a lower risk of chronic diseases [29] . Antioxidants that are present in tropical fruits such as tocopherol, carotenoids, ascorbic acid, polyphenols, and flavonoids are likely to provide protective effects against degenerative diseases [30] . Many studies [7] [31] [32] have reported that consumption of polyphenol rich foods exert various biological effects. These phenolic compounds may reduce the risk of chronic diseases, including diabetes [9] .
Extraction of phenolic compounds in fruits is not only dependent on the extraction methods but also on the nature of plants, temperature, and the polarity of the solvent. Methanol can extract most polyphenol constituents in plant materials due to its lower polarity compared to water [33] . In the present study, three different drying techniques were used to quantify the total phenolic and antioxidant capacity of guavas. A phenolic compound reduces the FC reagent, which is measured at 750 nm against a Gallic acid standard. Total phenolic content of FGE (415 mg/100g) was significantly (p ≤ 0.05) higher compared to the FDGE, ODGE and OSGE, which might be due to the progression of oxidation with the drying time [17] . Whereas, phenolic content of OSGE (182.93 mg/100g) was significantly (p ≤ 0.05) lower compared to FDGE and ODGE. This might be due to the breakdown of phytochemicals by wet thermal processing which affected the integrity of the cell membrane resulting in the migration of components, losses by leakage or breakdown of phenolic components by various chemical reactions [34] .
Flavonoids are large secondary metabolites that are widely found in plant species. In the present study, flavonoid content was estimated using the AlCl 3 colorimetric method. AlCl 3 forms stable acid complexes with the C-4 keto or hydroxyl group of the flavones and flavonols along with the ortho dihydroxyl groups in the A or B-ring of flavonoids. Flavonoid content of guava extracts showed a similar trend as total phenolic content could be because flavonoids are a major part of phenolic compounds [35] . Flavonoid content of FDGE, ODGE and OSGE were significantly (p ≤ 0.05) lower compared to FGE, and this might be due to the harsh drying conditions, particularly temperature and time exposure [36] . A previous study by Mohd Zainol et al. (2009) [37] also found degradation of flavonoid components in C. asiatica due to the different drying treatments (freeze dried, vacuum dried, oven dried).
Antioxidant capacity of fruits depends upon the total phenolic and flavonoid content that is present [38] . In this assay, reduction of the DPPH radical occurs in the presence of hydrogen donating antioxidants [39] . DPPH radical scavenging activity by FGE was higher (p ≤ 0.05) compared to FDGE, ODGE, and OSGE. This might be due to higher phenolic content present in FGE. A study by Suvarnakuta et al. (2011) [40] on drying effects on mangosteen rind at temperatures of 60˚C, 75˚C and 90˚C showed that the drying methods significantly affected degradation of xanthones in α-mangostin and its antioxidant capacity (IC 50 -25.6 μg/ml).
In the presence of antioxidants, the reducing power of guava extracts was evaluated based on the transformation of ferric ion to ferrous ions. In the present study, FGE and ODGE extracts showed potent reducing power, which might be due to the concentration of polyphenols and Maillard reaction products due to the drying process [41] - [43] . However, FRAP activity was significantly (p ≤ 0.05) lower in OSGE, which might be due to drying. A study reported by Shofian et al. (2011) [44] showed that FRAP activity of fresh starfruit and mango were significantly (p ≤ 0.05) higher compared to the dried samples.
The ABTS radical is generated by potassium persulfate, to determine the antioxidant activity of hydrogendonating antioxidants. Higher TEAC value of FGE might be due to the ability to donate hydrogen and terminate the oxidation process by converting free radicals into their stable form [45] . However, OSGE showed significantly (p ≤ 0.05) lower TEAC value and this loss might be due to the decomposition of natural antioxidants through losses of phenolic compounds by thermal processing. Kalt et al. (2000) [46] and Larrauri et al. (1997) [47] reported similar results in the reduction of antioxidant potential after drying (50%) and canning (65%) of red grape pomace and blueberries.
The phosphomolybdenum method was used to evaluate the total antioxidant activity of the extracts. At an acidic pH, antioxidants have the ability to reduce molybdenum (VI) to molybdenum (V) and the green color phosphate molybdenum (V) complex. TAC value in FGE compared to FDGE, ODGE and OSGE may have been higher due to the higher concentration of polyphenols and flavonoids. A study by Bag & Devi (2015) [48] on methanolic rhizome extracts observed that methanolic rhizome extract of H. rubrum showed the highest total antioxidant activity among all the three Hedychium species may be due to higher total flavonoid content.
The ORAC method estimates the antioxidant capacity of a sample by taking the oxidation reaction induced by peroxyl radical to completion through H atom transfer [49] . ORAC activity of FGE was higher compared to FDGE and OSGE. This loss might be due to the drying effect on the soluble phenolic content present in the guava extracts [6] .
The antioxidant properties of phenolic compounds are based on their redox reaction potential, which plays a crucial role in neutralization of free radicals [50] . Sodium Nitroprusside generates the nitric oxide radical with an optimum pH, which further interacts with oxygen to produce nitrite ions. Nitric oxide scavengers compete with the oxygen, resulting in lower production of nitrite ions [51] . In this study, FDGE showed significantly (p ≤ 0.05) lower NO activity compared to the FGE, ODGE, and OSGE. A study by Noda et al. (2002) [52] on freezedried pomegranate extracts showed similar results.
The inhibition of carbohydrate metabolizing enzymes is very critical in lowering blood glucose level, and this may be achieved by consuming fruits and vegetables, which have the ability to slow the digestion of carbohydrates. Several plants have been studied for their potential in inhibition of carbohydrate hydrolyzing enzymes and lowering blood glucose level [53] [54] . The current study showed higher inhibition of α-glucosidase activity by FGE compared to FDGE, ODGE, and OSGE. Phytochemicals that are present in fresh guava might have increased the α-glucosidase inhibition activity. However, α-amylase and pancreatic lipase activities were enhanced by the drying treatments when the phenolic content of FDGE, ODGE and OSGE was significantly (p ≤ 0.05) lower compared to FGE. Phytochemicals in guava might inhibit activity of enzymes involved in digestibility of carbohydrates and lipids [55] . Moreno et al., (2003) [56] reported similar results that grape seed extracts at a concentration of 1 mg/mL resulted in the inhibition of 80% of enzyme activity due to the presence of anthocyanin compounds.
Conclusion
Drying techniques differ in phytochemical content of guava extracts and its antioxidant capacity. Applying drying to the highly perishable fruit not only preserves nutritive value of fruit but also retains the antioxidants properties.
